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IHPLEtEFiTATION OF A FULLY RECONTIGUR.ABLE HULTIHICROPROCESSOR

Vito A. Trujillo
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ABSITJiCT

The fully reconfiaurable ❑ultimicroploceu~or iu ● n

expcrlmental con618urat10n dcnigncd opcciflcally am

● rc.search tool for implementing ●nd evaluating

parallel-procemming ●lgorithms on variouti multiprO-

cemmor ●rcbitecturec. Basirally, the myutem 1- a

shared-memory PIIFUI (multiple instruction-mulLiplc

data ■tream) machine th~t su~portm reconfiguration

betk.en procem~or ●nd memory nodes to permit ●xpcr-

imentmtion on ●rchitecturem ●haring co-on memory,

networkl of procemnora with only local ❑emery, etc,

ThlB rxperlmcnt.1 computer system im currenLly

under development within the Computing Division ● t

the Lom Almmom N#tional Labor-tory.

Thin paper prementa the hardwmre architecture

of ● n experimental ❑ultiprocessor ●yetem that in-

corporat,n a reconfigulablt ●rray of coumerrially

●vallahlc ❑icroprorcmming mnd ●emery e]emenLm. Thr

●yntem in drmigned specifically an m remrarch ‘.001

for evaluating pmrallel-prOcenninR ●lRnrithmn on

varioun mulLiprnr*.mur ●rchitecturem to prcdlcL

which prohlrmu ● .e brnt implem~nted on ●prclfir mr-

chi[?[turrm. ConmrnuenLly, the principal deliRn

ollJr[tivr in to provid? ● mulLiprore~mor wIII1 fully

rer<]nfirnur~hlr prorrnmor-Ln-mrmc ry m!nd p)u,(rnnur-

to-pr<)rennnr inlerronllertlonm 1!) ordrr Ln mllou

dirrrt coq,mrl.on of •lrnorithrn~ for ● w)dr rall~,- nf

❑tll LiproLrmm(,r ●rchitr(tllren,

Thin multiple-bu~ ●rchitecture ●llowfi proceaaor-

to-proceonor cOmmrunlcstiOnm to occur concurrently

with proccnsor execution from elthcr 10CP1 memory

or global memory, Reco11fi8urat10n beL~e?n proce6-
#or ●nd global memc>ry nodern in ncccmplishrd thro”~h

● memo~ rapping f#clllty lncludcd wlLhln each pro-

cemmor node.

Three typen of proccm MoL noden are included
fI) ,Ywtem control pr0ce~60rwithin tbc syntem: . .

(Pc), (2) general flea Lin,q-point p,oceosor, (P,),
●nd (3) dcdichted daLa Lrannfer prucennors (Px]).

The mymLem control procemmor perfor-mn ■ynLem lni-

tializacion (downloading of glob?l memory, confl8-

Uratlon control, ●Lc,), initiptio” of p~rall=I.
procenninfl ●pplication. code, performnncr. ❑ c.nure-

❑cntm, and memory error procemoin~ ,nd incorpor&LF~

● ll interprocemnor interruption ftciltty. In ●ddl-
tlon, b?caume tile ❑ultlprocenfior in ●trlctly ● n ex-

ecution ●nvironment, the ●ymtcm contrul proceanor
provirle~ connunicalion with an ●xternal local ● rra

nrtwork that includrm development Workmtaliona,

Eac’1) aenrral flomttno-point procrmmor 1nclude8 ln-

tel iAPX 86/87 microprovrmminn clemenl~ (5], L8k

byLea of local drdi{mLcd ftOtl/tLMf, real-timr in(cr-

rU])t faciliLy, and ❑rm<,ry mappinu logic lhmL allowa

sixty-onr lbk-bytr ❑rmory ●rflmrnLn to be +rrmanrnt -

ly rind/or d)ns[,li,ally ●llocstrd wlrh]n tl]r ●yatrm

8101,01 ❑emery. Eaih data tlhnmfr-r proremnor ~m ●

IliR1l-mprrrl colltrol]rr npr,,f Jc-ally dcniRI1rd for >m-

plrmrnlin~ prcl<rnu<lr-t<>-~,,{,,~. m,,, c,~rm,unic.tl,,nm !,y

prrlonninu dmta m[>vrmrlll I)etwerl, plt,b.1 mrmnry .t-R-

mrnln,



●l memory node , ●nd a ■ultiple bus inter comection

backplmnc that =11 OWE nn orthogonal ●l-ranBemcnt of

procemcor ●nd global memory board-. As illu~crated

in Figure 2, an ortbognnml packaging ●cheme uses

●inimal bus lenathm in providing complete phymicml

intercormection betwern the proceaaor and global

●emery nodes. Baoically, the proce~~or-memory

interconnection provideo fully ~econfiarrrable

procenmor-to-memorv Connection, remolvcm •cce~~

●rbitration when ■ultiple processor- ● re simultm-

neoumly hccemning ● co-on glob~l uemo~ nod?, ●nd
•upp~rt~ mut,~al ●xclunion to ●ltred memory. COn-

trol of ●hmrcd ■emery in ●ccomplished throu~b ● n

●xtenmion of the loch/unlock mecbaninm available
with the iAFX 86/87 ●icroprocennor 15].

Procenn,,r-to-procemaor comucication in imple-

menLecl indirectly throL~gh the proccsxor-memory in-

terconnection by mpeclnlized data trsnsfcr proceB-

morB thaL perform dmta movement betwee~ global

memory nodem Esch d~Ln trnnmfer proceaoor ln-

cludem memory mapping lokic similmr to the general

flontina-poiot procec~ors; consequently, theue

nodcm can accemm ●ny negmcnt within ~yatem global

memory Ill sddition, the data Lrmnmft:r procewmar

nodes include high-mpcrd control, buffer, and

trannlmtion loglc that pemit both contlguoua ●nd

,lo,,:o~tiguouw memory blnck trmnnfern. The data

trnrofel procemnorm are controlled by linked lLrUC-

tures wiLhln Blob-l ■emery ●nd include ❑ankablc in-

terrupt cmprhllity indir\’cLly Lhrough the ●yQtem-

control procraaor. Functionally, the dat~ tra,lnfer

procesn~rn can be vinualizcd ~E mul Liplr iDLcll~-

gent buecm for interprnceooor cormnunicationn

Currently, tbe ~ymtem accommodate a ainglr.
●ymtem control procemoor, 20 procesmor noden that

cLn include either general floaLing-pnint procea-

● ora or data tranafer procenmora, and 32 Elobal

memory nodem. However, a typicrl ❑ hxlmum cOnflg-

uratitin conslmtm of 16 general floating-point pro-

cessors and 2 data tran~fer procenfior6, which ● re

sufficient for bandllng ]6 iAPX 86/87 iKlte~FOCeb-

● or comunicatinns
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Fig. 2. ~rthogonal packaging diagram.


